Background Odontogenic infections range from peripheral abscess to superficial and deep infections leading to severe infections in head and neck region. This study was aimed to assess bacterial isolates responsible for orofacial infection of odontogenic origin and their drug susceptibility patterns so as to provide better perceptive for the management of odontogenic infections. Methods The study was made in a selected cohort of patients, irrespective of age and gender having moderate and severe orofacial infections of odontogenic origin admitted to Yenepoya University Hospital. Pus samples were collected and identification of bacteria was performed by 16S rRNA gene sequencing. Antimicrobial susceptibility testing was performed by Kirby-Bauer disc diffusion method. Result A total of 37 study subjects were included, with bacterial isolation rate of 31 (83.7 %). The mean age presented of all patients was 40.62. Of all, 24 (64.9 %) were males. Staphylococcus aureus, Enterobacter claocae subsp. dissolvens, Klebsiella quasipneumoniae subsp. similipneumoniae, Staphylococcus aureus subsp. anaerobius and Klebsiella pneumoniae subsp. ozaenae were the most prevalent isolates. Result showed that 58.6 % of the isolates were resistant to gentamicin, 52.5 % for ampicillin, 51.3 % for piperacillin; least resistant being 18.9 % for azithromycin. Conclusion High prevalence of bacterial isolates was found, Staphylococcus aureus being the dominant. Most of the bacteria were resistant to different classes of antibiotics. Appropriate antibiotics should be given based on the bacterial isolates, culture sensitivity and clinical course of the disease.
Introduction
Odontogenic infection is the most frequently occurring infection in the orofacial region and has plagued human kind for many centuries. Orofacial infections due to pyogenic cause are most commonly odontogenic in origin [1] and range from periapical abscesses to superficial and deep infections in the neck [2] . These infections are usually due to dental caries, periodontitis, pericoronitis, trauma to the dentition and to some extent, due to the complications of dental procedures [3, 4] . Successful management of these infections depends upon changing the environment through decompression, removal of etiologic factor and by choosing proper antibiotic [2] .
According to National Centre for Disease Control and Prevention estimate, approximately one-third of all outpatient antibiotic prescriptions are unnecessary [5] . Antibiotic prescribing may be associated with the development of resistance and unfavorable side effects [6] . Despite all the improvements in diagnostic tests and the availability of modern antibiotic therapy, such infections continue to cause significant morbidity and mortality rates, especially when there is no early treatment [7, 8] .
Serious complications associated with antibiotic use have encouraged studies investigating antibiotic prescribing practices of dentists [9] [10] [11] [12] [13] . Moreover, the choice of antibiotic for the management of odontogenic infection ideally depends on the proper culture and sensitivity profile. Patients with these infections generally prescribed with antibiotics on an empirical basis without knowing exact pathogens involved. Such antibiotic therapy may or may not yield favourable results due to various factors like microbial specificity and drug resistance. In immunocompromised patients, such treatment regimen leads to faster deterioration of health conditions. These limitations are further compounded with the lack of advanced facilities to rapidly and accurately identify the pathogenic microorganisms.
An understanding of the pathobiology and proper management of these infections is of critical importance to the dental practitioner. Difference in geography, prevalence of resistant bacterial strains and local antimicrobial prescribing practices leads to variation in the antibiotic profile of bacteria among population [14] . Up to date information on microbial resistance pattern at national and local levels should guide the rational use of the existing antimicrobial drugs [15] . Early detection of pathogens and improved methods of diagnosis are required for better health-care system. Since microorganisms vary from region to region as do their susceptibilities, it is of vital importance that such studies are to be done. This will help in monitoring the continuous evolution of susceptibility of bacteria to commonly used drugs. There have been claims in the literature that changes have occurred in the causative organisms of maxillofacial infections [16] . Therefore, a potential clinical and microbiological study was designed to check the validity of such claims. Aim of the present study was to identify the bacteria responsible for orofacial infections and to find out their antimicrobial susceptibility pattern against commonly prescribed antibiotics.
Methods
The study was carried out during May 2012 to April 2014 in a selected cohort having moderate and severe orofacial infections of odontogenic origin, admitted to Department of Oral and Maxillofacial Surgery, Yenepoya University Hospital, Mangalore (India). The study was approved by the Institutional Ethics Committee and a written informed consent was obtained from the all subjects. Patients undergoing antibiotics treatment and/or underwent incision and drainage were excluded. The pus samples were collected by aspirating abscess from the intraoral and/or extra orally maintained asepsis, using a disposable syringe (5 ml) filled with disposable needle of 18/22 gauges. Extra oral approach was preferred to eliminate contamination by the oral flora. Samples were collected aseptically and immediately transported to the laboratory for microbiological study.
Each specimen was grossly examined for the appearance with regard to colour and consistency. The aspirated pus was immediately inoculated into trypticase Soy broth and/ or thioglycollate broth (Hi-media, India). All the samples were incubated aerobically at 37°C for 18-24 h. Following incubation, each separate morphological colony type was counted by using a digital colony counter. If no growth was observed, the culture was reported as ''no growth''. All the similar individual colonies were further processed for Gram staining, pure cultures were obtained and further used for identification. All the specimens were handled according to the Clinical Microbiology Laboratory Standard Operating Procedures [17] .
DNA Isolation and Identification of Bacteria Using 16S rRNA Gene Sequencing
Based on the colony morphology and cell characteristics individual strains were selected for taxonomic identification by 16S rRNA gene sequencing. DNA was extracted from 48 h grown bacterial cultures using genomic DNA extraction kit (Mo Bio, Inc) as previously described by Kämpfer et al. [18] . PCR amplification of the 16S rRNA gene was carried out using 3F/9R universal primer pair [19, 20] . Ten microliters from PCR products were electrophoresed on 2 % agarose gel containing ethidium bromide (10 lg/ml) for 30 min at 96 V and bands were visualized under UV trans-illumination. The amplified 16S rRNA genes were sequenced using BigDye terminator cycle sequencing kit. The determination of the nucleotide sequence of PCR products were performed by an automatic DNA sequencer (ABI Prism 310, Applied Biosystem, USA). The resulting partial 16S rRNA gene sequence was compared with GenBank nucleotide database using Basic Local Alignment Search Tool (BLAST) [21] . Further analyses of the sequences was performed using software MEGA (Molecular Evolutionary Genetic Analysis) version 5.0 [22] , after multiple alignment of data by Clustal X [23] to derive the exact phylogenetic position of the strains.
Antibiotic Sensitivity Tests
Antimicrobial susceptibility testing was performed using Kirby-Bauer disc diffusion method on Muller-Hinton agar in accordance with the Clinical and Laboratory Standards Institute (CLSI) guidelines. Antimicrobial susceptibility patterns were determined using commercial antimicrobial disks (Hi-Media, India). We selected eight antibiotics with a wide range of mechanisms of action, including drugs that target cell wall, nucleic acid and protein (Table 1) . After incubation, the antimicrobials efficacy was determined by measuring the diameter of the zones of inhibition. Bacterial strains were classified as Susceptible (S), Intermediate (I), or Resistant (R) according the diameter of the inhibition zone [24] .
Results

Demographic Characteristics
A total of 37 patients with pyogenic odontogenic infection were recruited into the study. There were 24 males (64.9 %) and 13 females (35.1 %). The mean age of the patients was 40 .62 (range 9-72) years with the standard deviation of 17.58. The minimum age of female patients was 9 years and maximum age was 65 years (mean 48.45 and SD 18.566) and that for male was 16 and 72 years (mean 49.7 and SD 17.1) respectively. Peak age group of odontogenic infection was 25-50 years followed by above 50 years and below 25 years respectively (Table 2) . Samples were distributed in submandibular space, sublingual space, parotid space, buccal space, submental space and lateral pharyngeal space.
Bacterial Isolates and Microbiologic Evaluation
Out of the 37 samples assayed via standard culture, only 31 (83.7 %) showed bacterial growth and we found 41 bacterial isolates from these. Of the total 41 isolates, 21 (51.2 %) were Gram positive cocci and 20 (48.8 %) were Gram negative bacilli. The sequences from these samples were classified into 2 phyla, 3 classes, 4 orders, 5 families and 10 genera. The most abundant phyla detected were Firmicutes (51.2 %), followed by Proteobacteria (48.8 %). Bacteria were classified into three classes, in which Gamma proteobacteria were predominant (48.8 %)
followed by Bacilli (36.6 %) and Cocci (14.6 %) respectively. The bacteria were further classified into four orders; in which Enterobacteriales (41.5 %) were predominant followed by Bacillales (31.7 %), Lactobacillales (19.5 %) and Pseudomonadales (7.3 %) respectively.
Family level distribution showed the predominance of Enterobacteriaceae (41.5 %) followed by Staphylococcaceae (31.7 %), Streptococcaceae (14.6 %), Pseudomonadaceae (7.3 %) and Enterococcaceae (4.9 %) respectively. Out of the total 10 genus detected, Staphylococcus (31.7 %), Klebsiella (19.6 %), Streptococcus (14.6 %), Enterobacter (12.3 %) were predominant followed by Pseudomonas (7.3 %) Enterococcus (4.9 %), Citrobacter, Escherichia, Proteus and Shigella (2.4 %) respectively. Staphylococcus aureus (14.6 %), Enterobacter claocae subsp. dissolvens (12.1 %), Klebsiella quasipneumoniae subsp. similipneumoniae, Staphylococcus aureus subsp. anaerobius and Klebsiella pneumoniae subsp. ozaenae (9.6 %) were the most prevalent isolates (Table 3) .
Antimicrobial Susceptibility Test
Most of the isolates were sensitive to the antibiotics tested. The result showed that 58.6 % of the isolates were resistant to gentamicin, followed 52.5 % for ampicillin, 51.3 % for piperacillin; least resistant being 18.9 % for azithromycin. Among the isolates tested, 29.3 % of the isolates acquired resistance to ceftazidime, 26.9 % for ciprofloxacin, 24.3 % for cefotaxime and 21.2 % for tetracycline. In our study, the resistance to piperacillin by the Grampositive aerobes was noted in (38.1 %) of the isolates, of which S. aureus was resistant in 4 instances (50 %) to piperacillin whereas 100 % susceptibility was noted to gentamicin. Few isolates of Staphylococcus are susceptible to ampicillin. Among all Staphylococcus isolates, 92.3 % were sensitive to ceftotaxime, and 76.95 % were sensitive to ciproflaxin and azithromicin. Of all Streptococcus isolates tested, 100 % susceptibility was noted to ampicillin followed by 83.3 % to gentamicin, ciproflaxin and ceftazidime. This finding indicates that the above three antibiotics were effective in managing odontogenic infections caused by gram-positive organisms.
On the other hand, the antibiotic susceptibility of the Gram negative organisms was seen predominantly with tetracycline (70.6 %) followed by ciprofloxacin (70 %) and azithromycin (64.8 %) respectively (Table 4 ). E. coli was found 100 % susceptible to ampicillin whereas Klebsiella quasipneumoniae subsp. similipneumoniae, Klebsiella pneumoniae subsp. ozaenae, Proteus mirabilis and Shigella flexneri was 100 % resistant to ampicillin. E. coli, P. aeruginosa, and Citrobacter koseri were found 100 % susceptible to ciproflaxin while resistance to Proteus mirabilis. Ceftotaxime was found to be sensitive to Klebsiella quasipneumoniae subsp. similipneumoniae whereas resistance to Klebsiella pneumoniae subsp. ozaenae. Azithromicin was 100 % sensitive to Enterobacter claocae subsp. dissolvens but resistant to P. mirabilis.
Discussion
Anatomical and microbial factors and destruction in host resistance, compounded by a delay in receiving adequate treatment in the early stages, can result in the progression of a localized odontogenic infection [3] . Deep space infections can carry a high incidence of morbidity and mortality [25] . Presentation of patient condition is dictated by complex microflora, involved tooth and anatomic routes of spread [26] . Understanding these microorganisms involved in the infections, and sensitivity profile will help in better treatment regime, while incision and drainage is the primary treatment for sure [27] . To the above reasons, an understanding of the nature of oral flora and its dynamics is important in orofacial infections (Figs. 1, 2, 3) . Most of the patients in our study were adults in the age group of 25-50 years as was reported in other previous studies [28, 29] . The probable reason for adults being at higher risk is the higher prevalence of systemic diseases that compromise immunity and the neglect of oral hygiene [30] . The male to female ratio presented in our study is 1.8:1, which corresponds with most of the previous studies reported [30] [31] [32] . Its probability may be due to the reason that women tends to better oral health and seek oral health care more frequently [33] . In the present study, the infections were predominated in submandibular space and was in agreement with previous reports [1, 34, 35] . The maintenance of a safe and secure airway is mandatory in submandibular space infections [36] . The traditional identification of bacteria on the basis of phenotypic characteristics is generally not as accurate as identification based on genotypic methods. Full and partial 16S rRNA gene sequencing methods have emerged as useful tools for identifying phenotypically aberrant microorganisms. It is a more objective identification tool, unaffected by phenotypic variation or technical bias, and has the potential to reduce laboratory errors [37] . Moreover, some clinical microorganisms, which can hardly be identified by phenotypic methods, have been distinguished by 16S rRNA gene sequence analysis. Study showed that, conventional identification misidentified all the tested isolates by 16S rRNA gene sequencing techniques [37] . Misidentification of bacteria may mislead clinicians, and potentially impacted patient care. 16S rRNA gene sequence presently remains the gene sequence of choice. In our study, this technique is explored for its accuracy and to overcome bias in conventional biochemical identification. The sequences were compared with NCBI databases and sequences showing 100 % similarity to any previously described species in NCBI databases were considered as belonging to same species. A 95 % gene sequence similarity 'lower cut-off window' for genera seems reasonable, but in practice it may not be easy to implement [38] .
In our study, bacterial growth was observed in 83.7 % of the samples that were cultured aerobically, and we did not performed, anaerobic culture methods. Previous reports showed that anaerobic bacteria were detected only in small proportions [30] . On the other hand, anaerobic bacteria were found in 42.59 % of all cases [27] possibly because of presentation of patient at a later stage as aerobes predominate and when within a closed space available oxygen is utilized, anaerobes take over [26] .
Of the total isolates in this study, 51.2 % were Gram positive cocci, 19 (46.3 %) were Gram negative bacilli and 1 (2.4 %) was Gram negative bacilli. These results were almost similar with recent report [27] . In the present study, gentamicin is the most resistant antibiotic presented followed by ampicillin. This finding was in accordance with previous study in which, gentamicin followed by amikacin had highest percentage of resistance [39] . Aminoglycosides are effective in controlling aerobic gram negative infections which are quite rarely encountered by oral and maxillofacial surgeons. These observations are in conformity with our study. Aminoglycoside (Gentamicin) were sensitive to Gram positive isolates (81 %) as well as Gram negative isolates (60 %). Studies showed that many species of organisms were resistant to Penicillin [32, 40] .
Cephalosporins have travelled a long distance, starting from first generation reaching fifth generation at present. The reason for this evolution is obviously the resistance of infections [27] . This study indicated a difference in the sensitivity among third generation cephalosporins too. Cefotaxime was effective against 83 % of Gram positive and 58 % of Gram negative isolates, while Ceftazidime had a very low percentage against Gram positive (19 %) and Gram negative isolates (30 %). Ciprofloxacin, one of the first drugs from the Quinolone group, has been replaced by its advanced versions like Gatifloxacin and Moxifloxacin. Even though, the recent studies showed their relevance in current scenario [27, 41] . Our study found that ciprofloxacin as potent as third generation antibiotic. Cephalosporins having 70 % effective against Gram negative isolates and 66.6 % against Gram positive isolates. All these data support the importance of ciprofloxacin in antimicrobial therapy. The limitations in the study were low sample size and we could not culture the pus sample anaerobic condition due to in availability of such facility.
Antibiotic dosages should be adjusted according to patient's age and body weight. Some of our isolates showed variation in the identification by routine biochemical identification compared to 16S rRNA gene sequencing, this highlights the limitation of routine biochemical identification. Identification of bacteria should be performed by an experienced microbiologist in order to classify the pathogenic organisms accurately. The use of antibiotics prior to admission, high dosage intravenous antibiotics prior to surgical drainage, improper collection of specimens, and the absence of routine anaerobic cultures, as well as difficulty in culturing anaerobes, could have affected the microbiological test results [30] . To overcome the resistance, there are some precautions should be taken. Firstly, massive global public awareness campaign, improve hygiene and prevent the spread of infection, improve global surveillance of drug resistance, promote new, rapid diagnostics to cut unnecessary use of antibiotics, promote development and use of vaccines and alternatives and improve the numbers, and lastly recognition of people working in infectious disease [42] .
Conclusion
Staphylococcus species is the most common causative pathogen in orofacial infections of odontogenic origin. Most of the bacteria were resistant to different classes of antibiotics. Appropriate antibiotics should begin with correlation to clinical presentation without forgetting the importance of early surgical intervention to reduce morbidity and complications. Moreover antibiotics should be given based on the bacterial isolates, culture sensitivity and clinical course of the disease.
